Background The logistic European System for Cardiac Operative Risk Evaluation (logEuroSCORE) II was developed to improve prediction of mortality in cardiac surgery. However, no specific tools are available for risk prediction in transcatheter aortic valve implantation (TAVI). The recently introduced EuroSCORE II was compared with established risk scores.
Introduction
The logistic European System for Cardiac Operative Risk Evaluation (logEuroSCORE) I has been developed to predict operative mortality in patients undergoing cardiac surgery. 1 Its accuracy in predicting mortality among surgical patients of advanced age and/or high risk is imprecise. 2 It is impaired by an overestimation of patients' individual risk of mortality and has been shown not to correlate with acute outcome.
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Consequently, the EuroSCORE II, a modified version of the former logistic EuroSCORE I, was introduced in 2011 for patients undergoing cardiac surgery. 4 While in logistic Euro-SCORE I, 17 binary patient-related factors are considered for risk prediction, its follow-up model, the EuroSCORE II includes two additional clinical factors (New York Heart Association classification, presence of insulin-dependent diabetes) and more specific response options (e.g., renal function according to creatinine clearance, more detailed description of left ventricular function and pulmonary hypertension) in risk analyses. Surgical risk stratification systems are widely accepted as tools to identify candidates for transcatheter aortic valve implantation (TAVI) among high-risk patients with severe aortic stenosis. In general, the logistic EuroSCORE I and the Society of Thoracic Surgeons predicted risk of mortality (STS-PROM) score 1, 5, 6 are used with accepted cutoff values of > 20 and > 10%, respectively, indicating high-risk of preoperative mortality. As TAVI is increasingly being used for treatment of comorbid high-risk patients of advanced age and indication is extended to patients with concomitant coronary artery disease 7 or predominant aortic regurgitation, 8 availability of a uniform and objective tool for decision making regarding the adequate choice of treatment is desirable. Since interventional techniques for treatment of severe aortic stenosis became available for high-risk patients, the definition of "high risk" has been critical among these patients. A reliable preoperative risk evaluation system designed specifically for patients undergoing TAVI has not been thoroughly validated to date. The objective of this study was to study the predictive reliability of five different surgical risk scores for patients undergoing TAVI, including the new EuroSCORE II. 
Patients and Methods

Study Population and Data Collection
Correlation of Scores
There was a strong linear correlation between logEuroSCORE I and EuroSCORE II in TAVI, as Spearman correlation coefficient r was 0.708, 95% CI 0.657 to 0.752 (p < 0.01).
The logEuroSCORE I and STS-PROM correlated moderately (r ¼0.558, 95% CI 0.489-0.619), as well as the EuroSCORE II and STS-PROM (r ¼ 0.501, 95% CI 0.427-0.569). Correlation matrix of all other tested scores revealed medium correlation with r ¼ 0.3 to 0.5.
Predictive Ability According to ROC Analysis
ROC analysis was performed for our large TAVI patient cohort.
It revealed none of the tested risk stratification systems 
Predictive Ability According to Access
Subgroup analysis of transfemoral and TA-AVI patients revealed no statistical difference compared with our findings in the overall TAVI cohort, as AUC was below 0.7 for all tested scores in the separate groups.
Discussion
The EuroSCORE II has recently been introduced to improve preoperative risk stratification in cardiac surgery. 4 Its discriminative capacity in patients undergoing cardiac surgery with a low-to medium-risk profile has recently been demonstrated. 11 As the logEuroSCORE I is widely being used to categorize patients eligible for TAVI, it seems possible that the EuroSCORE II will equally serve as a benchmark for inoperable candidates.
We present an evaluation of the EuroSCORE II in a real world, clinical experience of 457 TAVI patients. Furthermore, we describe the predictive ability of the EuroSCORE II in comparison to four other systems of cardiac preoperative risk evaluation.
Overall mortality at 30 days was 9.6% (n ¼ 44) and corresponds to mortality rates reported in the literature. Predicting Risk in Transcatheter Aortic Valve Implantation Silaschi et al. 475
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LogEuroSCORE I and Parsonnet score overestimated observed mortality with 22.04 and 23.84%, respectively, whereas mean EuroSCORE II, Ambler score, and STS-PROM tended to underestimate mortality. These results give the impression that mortality would be lower if surgical aortic valve replacement (AVR) had been performed. It should be mentioned that there are some risk factors existent in the study patient population which are not reflected by the analyzed scores, the most important one among them being frailty. These risk factors are evidently more frequent among TAVI patients compared with surgical candidates and should be taken into consideration when judging mortality rates. For all tested scores, survivors had similar mean scores compared with deceased patients, without significant differences (►Fig. 1). ROC curve analyses revealed that none of the five tested scores was a reliable predictor of mortality. AUC was highest in STS-PROM (0.57) but did not reach a value of 0.7 and does therefore not serve as a reliable predictor of perioperative mortality.
Even though the EuroSCORE II is an adequate predictor of mortality in a standard patient cohort undergoing cardiac surgery, 11 with an AUC of approximately 0.85 (95% CI 0.83-0.87), this observation can obviously not be transferred to a high-risk population undergoing TAVI. Discrimination of a risk model depends on the heterogeneity of the case mix. It will by definition be poorer in a population consisting only of high-risk patients. The EuroSCORE II was developed by means of large patient databases predominantly undergoing coronary surgery, and no TAVI patient has been in the database for score development. Therefore, it may not be valid in specific subgroups, particularly high-risk patients receiving novel valve intervention. This observation does not seem unexpected; nevertheless, in the absence of specific risk prediction tools for TAVI, the logEuroSCORE I was introduced into clinical routine for TAVI evaluation, leading to misinterpretation. Our observations imply that conventional risk scores may only be valid for surgical candidates.
Concerning the different technical approaches of a TAVI procedure with transfemoral and transapical being the most widely used, subgroup analysis did not reveal significant differences in predictive capability either, as the maximum AUC was 0.63 for logEuroSCORE I in transapical (TA) TAVI and 0.61 for STS-PROM in transfemoral (TF) TAVI. A similar observation was made by Watanabe et al in an analysis of 
TAVI patients.
14 They observed an AUC of 0. In a recent publication, the EuroSCORE II was evaluated in a small group of 76 TA-AVI patients and its performance compared with conventional AVR. 17 The authors found that correlation between logEuroSCORE I and EuroSCORE II was poor in TAVI, with correlation coefficient of only 0.382. A stronger correlation between logEuroSCORE I and EuroSCORE II was present in our cohort (0.708). While in our cohort sensitivity and specificity of all tested scores was poor, Goetzenich et al stated that the STS-PROM was high in specificity but very low in sensitivity, the logEuroSCORE I high in sensitivity and fair in specificity. In contrast to our findings, the STS-PROM had the lowest predictive ability of all scores in their TA-AVI cohort (AUC 0.561). Youden index calculated a cutoff value of 2.8% for EuroSCORE II in their entire population (TA-AVI þ AVR), with a peak sensitivity of 100% and a fair specificity of 67%. This observation may be due to the small proportion of TAVI patients in their cohort, as the majority underwent surgical aortic-valve replacement (SAVR). In contrast, we calculated the maximum Youden index at a threshold of 7% in EuroSCORE II, within acceptably low sensitivity (50.0%) and specificity (65.3%). With this cutoff value, the EuroSCORE II consequently defined 163 patients as "high risk," whereas 25 patients were defined as "non-high risk" below the EuroSCORE II of 7% but died within 30 days of follow-up. In our experience, the poorest test was The poor performance of EuroSCORE II and other widely used scores in TAVI emphasizes the need for new scores, designed and calibrated for this particular subgroup of patients. As a consequence, novel risk stratification tools specifically designed for TAVI were published recently, one of the most important to mention being the SURTAVI model.
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The authors emphasized that routinely used scores do not correlate uniformly (e.g., STS and logEuroSCORE I) and therefore fail to provide standardized allocation of a patient to either TAVI or AVR. In our sample, logEuroSCORE I and STS-PROM correlated moderately. As the status "high risk" is often defined by the criterion "logEuroSCORE I > 20% or STS-PROM > 10%," there should at least be a strong positive correlation between the respective scores, to provide a universally valid allocation to a high-risk patient cohort. The principles of the SURTAVI model are based on the division of TAVI candidates into three risk levels (low-, intermediate-, and high risk), dependent on the factor age and the number of additional risk factors present. Ten risk factors were defined by the authors, with several risk factors known from previous scores and supplemented by the factor frailty defined by the presence of at least one out of three variables: (1) Katz score "activities of daily living," (2) ambulation "walking aid/assist," and (3) diagnosis of (pre)dementia. 18 Variables constituting a contraindication for TAVI were excluded from the model (e.g., coronary artery disease not amendable to percutaneous coronary intervention (PCI), infectious endocarditis 
Limitations
This is an observational, retrospective single-center study and as in any retrospective analysis may contain hidden bias. Therefore, conclusions drawn from results of our analyses have to be interpreted with caution. Furthermore, several risk scores such as the Northern New England and the New York State Score were omitted from the present article and not taken into account for conclusions.
Conclusion
None of the five tested risk stratification systems including the new EuroSCORE II provided adequate prediction of acute mortality in our large routine TAVI cohort. Likely, scoring systems derived from classic cardiac surgery databases are inadequate for risk prediction in TAVI patients. Therefore, specific risk models are needed for high-risk patients undergoing TAVI. Recently, the SURTAVI model and the AKL-Score were developed for clinical use. These new models need to be tested in clinical routine and proof of validity is pending at present. Until then, evaluation of perioperative risk has to rely on clinical judgment of individual patient factors by an interdisciplinary heart team consisting of cardiologists and cardiac surgeons.
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